The transduction of an Escherichia coli gene into mammalian cells is described. A [(1976) Federal Register 41, No. 131, 27902-27943]. Subconfluent secondary rat embryo cells (Flow Laboratories, Inc.) in a 75-cm2 Falcon flask were transformed with 0.9 9tg of the SV40-su +III DNA by the calcium coprecipitation technique (11). Several weeks after the DNA transfection, foci of transformed cells appeared and these were transferred to new culture flasks. Individual clones growing in medium 199 plus 10% fetal calf serum were obtained by serial cell dilution and plating in Falcon multiwell dishes. All were uniformly T-antigen positive. A confluent monolayer of TC7 cells was transfected with a preparation of SV40-su +III DNA by the DEAE-dextran procedure (12). About 48 hr after transfection the cells were subcultured and serially diluted for cloning as above. Individual clonal isolates were expanded and tested for the presence of replicating viral DNA by incorporation of [3H]thymidine into the low molecular weight DNA fraction of cell extracts (8) .
containing the suppressor tRNA gene, su+III (tRNATYSU+III).
The structure and fate of the SV40-su+III chimera were determined by DNA reassociation kinetic analysis and restriction enzyme cleavage of the total cellular DNA from transformed rat embryo cells and persistently infected monkey cells. Hybridization with radiolabeled probes specific for vector (SV40) or su+III DNA sequences revealed primarily nonintegrated or free hybrid genomes. In cloned lines of both cell types, the bacterial DNA segment was recovered intact, as judged by the length of the segment excised by restriction endonucleases and its ability to hybridize to the radiolabeled bacterial DNA probe and not to the SV40 probe.
The insertion of specified prokaryotic regions of DNA into the late gene region of the simian virus 40 (SV40) genome has allowed the construction of defective recombinant SV40 replicons, which require an appropriate helper virus to provide late gene functions for their propagation by lytic infection of monkey cells (1) (2) (3) (4) (5) (6) . Since lytic infection results in the destruction of cells, the long-term study of the genetic expression of the recombinant is precluded. It would be of value to transduce a foreign gene region into a mammalian host cell without the need for helper virus if SV40 vectors are to be used for transduction of eukaryotic genes. To investigate the stable transduction of a foreign gene carried by a defective SV40 vector, we have used SV40-su +III DNA which was constructed in vitro and propagated in monkey cells with a tsA SV40 helper (5) . The recombinant molecule (see diagram, Fig. 2 ) retained the origin for DNA replication and the entire early gene region; however, a 1300-base-pair segment of the late gene region was replaced by an 870-base-pair segment of Escherichia coli DNA encoding for the suppressor tRNA gene, tRNATYr su +III, which reads the amber UAG codon as tyrosine (5) . We have used the SV4O-su +III DNA to transform nonpermissive rat embryo cells and have observed, by hybridization techniques, the presence of nonintegrated (or episomal) forms of the SV40-su +III DNA. In a parallel study, we have transfected normally permissive monkey cells with this hybrid and have obtained cloned cell lines that carry free, replicating hybrid genomes.
MATERIALS AND METHODS
Virus and Plasmid DNAs. The small plaque strain 776 of SV40 and the SV40-su +III chimera along with its tsA239 SV40 helper were propagated in the TC7 subline (7) of CV-1 African green monkey kidney cells. Viral DNA was extracted from infected cells at 72 hr after infection (multiplicity of 1 plaque-forming unit/ml) by the method of Hirt (8) or from purified virions (9) . The suppressor gene, su +III (tRNATyr su +III) was carried on the plasmid RSF2124 (5, 10) whose construction has been described (5 (11) . Several weeks after the DNA transfection, foci of transformed cells appeared and these were transferred to new culture flasks. Individual clones growing in medium 199 plus 10% fetal calf serum were obtained by serial cell dilution and plating in Falcon multiwell dishes. All were uniformly T-antigen positive. A confluent monolayer of TC7 cells was transfected with a preparation of SV40-su +III DNA by the DEAE-dextran procedure (12) . About 48 hr after transfection the cells were subcultured and serially diluted for cloning as above. Individual clonal isolates were expanded and tested for the presence of replicating viral DNA by incorporation of [3H]thymidine into the low molecular weight DNA fraction of cell extracts (8) .
Analysis of Cellular DNA with Bacterial Restriction Endonucleases and Site-Specific Endonucleases. Endonucleases R EcoRI, Bal I, and Bam I were prepared by published methods (13) (14) (15) . Sal I was purified from Streptomyces albus G (unpublished protocol). Endonucleases R Hae II and Hpa II were purchased from New England BioLabs, Inc. Total cellular DNA was prepared (16) and incubated with 2-10 times the amount of enzyme necessary for total cleavage.
DNA was subjected to electrophoresis through horizontal slabs of 1% agarose (Sigma) in 40 mM Tris-HCI, pH 7.6/5 mM Na acetate/I mM EDTA (16) at 40 mA (110 V) for 20-24 hr. The gels were 1 cm thick, and slots measured 1 cm X 0.9 cm X 1.5 mm. A 20-,ug sample of cleaved DNA could be electrophoresed in one slot without distortion of DNA bands. After electrophoresis, the DNA from each gel lane was transferred (17) to nitrocellulose strips (Millipore HAWP 00010).
The 32P-labeled DNA probes (specific activity of 5 X 107-108cpm/Ag) were prepared by the "nick-translation" procedure (18, 19) . Each nitrocellulose filter strip containing the denatured Abbreviation: SV40, simian virus 40.
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The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. DNA from an individual gel lane was hybridized (20) Fig. 2 ). If the cells had been transformed by the SV40-su +III genome, three of the SV40 EcoRI/Hpa I fragments (A, C, and D) were expected to be present and one, EcoRI/Hpa I-B, which had been replaced by su +III, was expected to be absent. Fragments A, C, and D were accelerated in reannealing by total cellular DNA at a rate consistent with two to three copies per diploid genome (Fig. 1) ; fragment B was not accelerated in its reannealing, thereby indicating its absence in the transformed cell population (22) . Similar reassociation kinetic studies using the su +III radiolabeled segment showed acceleration of its reassociation by this cellular DNA also at a rate consistent with about two copies per diploid genome (Fig. 1E ). These data were confirmed in two different cloned transformed cell lines. In contrast, the total cellular DNA from a line of rat embryo cells transformed by wild-type SV40 resulted in no acceleration of the reannealing of the su +III probe. These data indicated that the rat cells transformed by the SV40-su +III DNA contained the expected bacterial and vector DNA sequences.
Analysis of DNA from Cloned Rat Cell Lines Transformed by SV40-su+IIL To determine further the structural arrangement of the SV40-su +III genome in transformed rat cells, we used various restriction enzymes to cleave the total cellular DNA from several cloned rat cell lines transformed by SV40-su + III. Fig. 2 Fig. 2 . The ratio of "driver" (rat cell or salmon sperm) DNA to the 32P-labeled SV40 segment was 4 X 106 for each fragment. Concentrations of DNA for the annealing reactions were such that Cot1/2 (22) (Fig.  3) . When (17) . Each filter was hybridized with 32P-labeled, "nick-translated" (18) SV40 DNA and autoradiography was performed. In the autoradiograph shown, the gel lanes (from left to right) were loaded with the following: (first pair) EcoRI-cleaved DNA (ClB), (second pair) Hae II-cleaved DNA (CiB), and (third pair) Hae II-cleaved DNA (C3E). The DNA bands labeled [1] [2] [3] [4] and located among the EcoRI or Hae II cleavage products designate integrated or oligomeric, free SV40-su+III DNA sequences described in the text. Arrow, position of unit-length linear SV40-su+III DNA; the DNA band immediately above the arrow is the open circular form. bp,Base pairs.
verted to linear forms (data not shown). This indicates the presence of at least two major types of free hybrid genomes: one resistant to Bam I and another resistant to EcoRI. Furthermore, two species in the region of open circular forms were seen in the Hae II cleavage of clone CIB, which substantiates the presence of at least two different monomeric free viral genomes. Reconstruction experiments in which known amounts of linear SV40 DNA were mixed with monkey cellular DNA showed that each -cell carries an average of less than 10 free hybrid genomes.
The presence of dimeric and trimeric circular forms of the hybrid genome is inferred from the identification of DNA species migrating more slowly than the linear SV40-su +III monomer. These species (labeled 1 and 3 in Fig. 2 ) are common to EcoRI, Bam I, and Hae II cleavage patterns and are present in quantities of less than one copy per cell. The bands labeled 2 and 4 in Fig. 2 are not shared by the DNA cleaved with EcoRI, Bam I, or Hae II and are most probably fragments originating from the hybrid sequences integrated within the host genome. The fragments migrating faster than monomeric linear forms could correspond to cleavage products of either rearranged free or integrated hybrid genomes. These minor species appeared to vary among DNA preparations from the same cloned rat cell line obtained after different periods of time in culture. Attempts to detect free hybrid genomes from fractionated total cellular DNA (8) were unsuccessful, probably because of entrapment of viral DNA among high molecular weight cellular DNA (23). To determine the arrangement of E. coli su +III DNA sequences and their promixity to the vector SV40 sequences, we have used a radiolabeled plasmid DNA probe (RSF2124 su +III) and the SV40 probe for hybridization with duplicate filters. Fig. 3 shows the pattern generated when total cellular DNA from clone CIB was cleaved with EcoRI, Bam I, or an enzyme that fails to cleave the hybrid genome (Bal I). Although Bal I, like Hae II, does not cleave the hybrid genome, it generates larger fragments than Hae II which migrate slowly and are not resolved in these gels. The major species identified after Bal I cleavage were found in two intense bands that comigrated with the predominant monomeric species produced by EcoRI or Bam I cleavage. The free monomeric genomes were also detected after cleavage by Sal I, which also fails to cleave the hybrid DNA. The majority of fragments identified with the SV40 probe hybridized with the su +III DNA probe (Fig. 3,  lanes 2, 4, and 6 ). Analysis of several additional cloned cell lines has confirmed that the predominant fragments harboring SV40 sequences also appear to be linked to the bacterial DNA. In control analyses with DNA from secondary rat embryo cells, the su + III DNA probe failed to anneal with DNA fragments in the size range of those detected in the SV40-su + III transformed cells. However, the high molecular weight fragment (10,000 base pairs) identified by the arrow in Fig. 3 (Fig. 4) 
